A brief history of the early days of publishing in the bioinformatics field is presented.
encouraging the publication of DNA sequence papers as short notes, but also by providing a forum for papers in this new era of computational biology. Thus, a number of the key early papers appeared there (Staden, 1977 (Staden, , 1978 (Staden, , 1979 Gingeras et al., 1979) and by 1982 the first of three compendiums devoted entirely to computational biology were published (Soll and Roberts, 1982 , 1984 , 1986 . This tradition has continued with NAR taking a lead role in publishing compilations of sequences in annual supplements from 1978 until 1993. Now, the first issue of each year contains a formal set of papers devoted entirely to biological databases (e.g. Volume 27, pages 1-380).
One of the first serious reviews of computational molecular biology appeared in 1980 and was published in no less a journal than Science (Gingeras and Roberts, 1980) . Table 1 is a modified version of the main table in that Science article and shows the rather limited range of programs that were available for the analysis of DNA sequences at that time. Also noteworthy is the range of languages then being used! It is instructive that much of the work was unpublished, in part because of the difficulty of finding journals prepared to take what many biologists considered rather trivial contributions. Today, things have changed considerably. Now there are several journals such as Bioinformatics and the Journal of Computational Biology that specialize in computational papers, while many others are both prepared and eager to publish in this area. With GenBank doubling every 16 months, and presently containing more than 2 × 10 9 bases of DNA sequence (Benson et al., 1999) , even the diehards who decried the field in the late 1970s, now acknowledge that modern biology would be impossible without the computational tools to store, display and interrogate these sequences. As we enter the age of genomics, with the complete human genome sequence within grasp and the likelihood that most of our favorite model organisms will also be sequenced, the cry is going up for more, not less, computational biology.
Some major resources for bioinformatics are the databases of information that provide both archives of what is already known and, in some cases, tables of information that are used by various software tools. Databases such as GenBank, PIR, SWISS-PROT, etc. are now essential resources against which new DNA and protein sequences can be assessed. The publication of data in the c Oxford University Press 2000
Early bioinformatics publishing Dayhoff, 1972) . By 1978 the quantity of sequence known had reached such proportions that publication in hard copy form was no longer possible and so all subsequent editions of protein sequence databases have relied upon computational means for their dissemination. The DNA databases, such as GenBank, went through a similar transition from early printed forms to its current electronic-only form. Descriptions of these databases appear regularly in special issues of Nucleic Acids Research which appear as the first issue of each year. Among databases that provide compilations used as tools for software programs, the one dearest to my heart is REBASE (Roberts and Macelis, 1999) . This database, which began in 1974, contains a complete listing of all known DNA restriction enzymes and their associated methylases. The key feature used by software tools are the sequences recognized by restriction enzymes. These short sequences serve as landmarks within a DNA sequence that translate readily into points where the DNA can be cleaved and subsequently manipulated. The evolution of REBASE and its dissemination illustrates well the more general evolution of such sequence databases. Initially, the compilation was produced on a 'smart' typewriter that facilitated the addition of new material and the correction of errors. What was essentially a primitive word-processing program maintained the database. The full contents of the database were published in journals for many years (e.g. Roberts, 1981) , but soon the database grew so large that this became impractical. Also during that time the database moved from a word-processing system to a hierarchical database format and finally to a relational database format in which it is maintained today. Once the whole database could no longer be published, only the new material added during each previous year was published. Most recently, only summaries of the new material are published (Roberts and Macelis, 1999) . Today the principal means of dissemination are through the World Wide Web (http://rebase.neb.com/rebase).
From the current perspective, the early publications in the field which were mainly concentrated in the traditional biological literature, set the stage for what is now an important commercial activity. Whereas between 1977 and 1982 most academic biologists were using homegrown software, today commercial suppliers provide most of the software that we use. As a result many of the improvements are not formally published, but just become incorporated into commercial packages. What does get published usually represents the results of using bioinformatics tools, rather than descriptions of the tools themselves. This is unfortunate. Many of today's problems stem from information overload and there is a desperate need for innovative software that can wade through the morass of information and present visually what we know. The development of such tools will depend critically on further interactions between the computer scientists and the biologists so that the tools address the right questions, but are designed in a flexible and computationally efficient manner. It is my hope that we will see these solutions published in the biological or computational literature, rather than being presented to us in some anonymous way through commercial enterprises.
In this new age of biology, in which genomics is providing the catalog of parts, bioinformatics is already taking center stage. Just as new biochemical tools often herald new discoveries, so new computational tools should not be content just to make life easier for the biologists. Rather they should aim to provide genuine new insights and discoveries about ourselves and the organisms with which we share this planet. But above all, progress in bioinformatics must be documented by publications that will stimulate both the users and the providers.
